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ABSTR.icT.-The antineoplastic bisindole vincaleukoblastine (TLB) (1) and two 
monomers, akuammicine (2) and tetrahydroalstonine, have been isolated from C. 
trichophyllus roots, and periformyline (3) has been obtained from its leaf alkaloid 
fractions. Pericyclivine ( 4 )  and five alkaloids, leurosine, vincarodine, akuammicine, 
vindoline and ajmalicine, have been isolated from two acid fractions of C. roseus 
leaves. Carbon-13 nmr spectra of two monomeric indole alkaloids, akuammicine and 
pericyclivine, have been assigned. 

As part of a continuing study of Catharanthus species for new biologically 
active substances, four alkaloids have been isolated from both the root and leaf 
alkaloid fractions of Catharanthus trichophyllus (Bak.) Pich. Prior phytochemical 
investigations in these laboratories have yielded eleven monomeric alkaloids 
along with a triterpene ursolic acid ( 2 ,  3) from this plant. In  the present investiga- 
tion, we report the first isolation of the important antineoplastic bisindole alkaloid 
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vincaleukoblastine (VLB) (1) from the root alkaloid fractions and a monomer, 
periformyline (3), from the leaf alkaloid fractions of C. trichophyllus. 

The study of two acid fractions of Catharanthus roseus (L.) G. Don leaves 
has led to the isolation of six alkaloids, one of which, pericyclivine (4), has not 
previously been reported from this plant. 

EXPERIl IESTAL2 
PLANT M . ~ T E R I . ~ L . - T ~ ~  Cnfharnnthus trzchophyllus (Bak.) Pich. (Apocynaceae) roots and 

1 eaves used in this study were obtained from the Medicinal and Poisonous Plant Garden of the 
Department of Pharmacognosy and Pharmacology, College of Pharmacy, University of Illinois 
a t  the Medical Center, and voucher specimens have been deposited in the herbarium of the 
above department. 

PREPARATION 01. ALKALOID FRACTIOSS.-A sample of coarsely milled, air dried roots (1 kg) 
was extracted a t  room temperature for 24 hrs. by percolation with petroleum-ether (bp 40-80"). 
The extract was removed from the percolator and concentrated, and a fresh charge of solvent 
was added. Pooling of the four concentrates was 
followed by evaporation zn r'ncuo to afford fraction 1 (3.5 9). 

The extracted C. lrzchophyllus roots were air dried and exhaustively extracted by repeated 
maceration and percolation with methanol. The combined percolates (ca. 5 liters) were con- 
centrated to  250 ml and then extracted into 2 liters of a 27, tartaric acid solution. Residual 
methanol was removed in 'L 'OCUO,  and the acid solution was filtered. Five 250 ml volumes of 
ethyl acetate were used to extract the combined filtrates, the ethyl acetate extracts were 
pooled, dried (SazS04) ,  filtered, and concentrated to give fraction I1 (2.7 g). 

Residual ethyl acetate was removed from the aqueous acidic layer zn z'ocuo, and the re- 
sulting solution was chilled and rendered alkaline with a saturated solution of sodium carbonate. 
The alkaline solution was then extracted with five 250 ml volumes of chloroform. The chloro- 
form extracts, when pooled, washed with water until neutral, dried (Na2S04), filtered, and 
evaporated zn r'ncuo, yielded 2.6 g of crude tertiary bases (fraction 111). 

The above procedure was followed for the preparation of leaf fractions of C. trzchophyllus 
(1 kg), and three corresponding fractions [fraction IV  (20.0 g), fraction I' (10.0 g) and fraction 
VI (1.5 g)] were obtained. 

TABLE 1. Cytotoxicity of Catharanthus 
lrichopyllus fractions. 

The procedure was repeated four times. 

I Test System 

Fraction 
~ EDS?i/mla 

I 1 Inactive (100) 
I1 i 0 037 
111.. . . . . . .  1 .9  
1s'. . . . . . . .  Inactive (100) 
V . .  . . . . . . . .  0.28 
V I . ,  . . . . . . .  0.26 

P-388 
EDSO d m l '  

Inactive (100) 
0.023 
7.05 

Inactive (100) 
0.14 
0.19 

aAn active fraction is one that exhibits an 
EDSo<20.0 pg/ml (4). 

CYTOTOXICITY EvALvATIO~.-FraCtiOnS I-I'I were evaluated for cytoxicity against Eagle's 
9KB carcinoma of nasopharynx and the P-388 lymphocytic leukemia test systems in rlitro ac- 
cording to  established protocols (4) .  The results are presented in table 1, and further phyto- 
chemical work-up was conducted on this basis. 

Zhfelting points mrere determined by means of a Kofler hot plate and are uncorrected. The 
uv spectra were obtained with a Beckman model DB-G grating spectrometer. The ir  spectra 
were determined on a Perkin Elmer, model 710 spectrometer. Proton nmr spectra were re- 
corded in CDC1, on a Tarian model T-60A instrument with a Nicolet TT-7 Fourier Transform 
attachment and Carbon nmr spectra were recorded in CDClj with a Tarian XL-100 and Bruker 
HFX-90 instruments. Tetramethylsilane was used as an internal standard and chemical shifts 
are reported in &units (ppm). Optical rotations were measured with a Perkin-Elmer, model 
241 polarimeter. High resolution mass spectra were obtained with an AEI hfS 902 double focus- 
ing spectrometer operating at 70 ev. 
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CHdRACTERIZATION OF VIXCALECXOBLASTIXE (VLB) (1) A N D  AKUAMMICINE (2) .-Fraction 11 
was chromatographed over a column containing silica gel3 (100 gm) packed in chloroform. A 
total of 43 fractions (50 ml each) were collected from the column and combined on the basis of 
their tlc patterns. Fractions 18-22 from the column were combined and taken to dryness in 
oacuo (0.40 g)  and the fraction was subjected to preparative tlc; the eluent used was methanol. 
Four bands were removed, and the band a t  Rr 0.35 was purified to  afford a crystalline sub- 
stance (5.8 mg, 0.00587,), mp 216", [aIz5D+42" (CHC13); Y max (KBr) 3400 (s, N H  and OH), 
2950 (m), 1720 (s, ester CO), 1600 (m), 1460 (m), 1220 (s), 1120 (s), and 740 (m) cm-1; uv, X max 
(EtOH) (log e) 217 (4.73), 265 (4.21) and 288 nm (sh); pmr 6 (CDCL) 0.89 (t,  J = 6  Hz, 6H, 
18-CH3 and 18'-CH3), 2.09 (s, 3H, 17-OCOCH3), 2.70 (s, 3H, -NCHs), 3.61 (s, 3H, 16'-CO&Hs), 
3.79 (s, 6H, 16-C02CH3 and 11-OCH3), 5.27 (s, lH ,  17-H), 5.29 (d, / = l o  Hz, l H ,  14-H), 5.78 
(m, l H ,  15-H), 6.10 (s, l H ,  12-H), 6.64 {s, lH ,  9-H), and 7.64-7.14 (m, 5H, 9',10',11',12'-H and 
indole NH) .  These hysical data  are in agreement with those reported for TZB (1) (5), and 
the identity was conf!rmed by comparison with an authentic sample. 

Fractions 28-33 from the column were combined and taken to dryness in a'ucuo (0.19 gm) 
and further separated by preparative tlc; the eluant was ethyl acetate-abs. ethanol (3:l). The 
band at R f  0.15 was removed and processed to afford a crystalline substance (5.4 mg, 0.00547,), 
mp 186", [a]25D-720" (c 0.5, EtOH); ir, Y max (KBr) 3340 (m, XH) ,  2920 (m),  1645 (s, CO), 
1580 fs). 1450 fm).  1420 fm).  1290 fm). 1210 (m). 1080 (m). 1040 fm). and 730 (m) cm-l: uv. 
x rnax (hleOH)'(log e) 228'(4.'&), 298'(4:07) and'328nm (4.24j/pmr, 6 '(dbcl3) 1.60 [d1 'J=6.8  Hz; 
3H, 18-CH3), 3.79 (s, 3H, C02CHs) ,  5.33 (m, l H ,  19-H) and 7.27-6.75 (m, 4H, 9, 10,11,12-H); 
cmr, see table 2; ms, m/e, M+ 322(31), 307(4), 293(2), 291(5), 279(3), 275(3), 263(11), 252(8), 
247(5)- 23813). 23418). 233(4), 225(4), 221(5). 218(6). 207(8), 206(15), 204(8), 193(11), 180(12). 
i i 67 ( i i ) ,  I&(?), i65(?), i ~ ( 8 ) ,  12i(51), i ig ( io) ,  i i i(12),  i~(12) , '106(1 i ) , ' r tnd  97(24j.' 

These physical data are in agreement with those reported for akuammicine (2) (6), and 
the i,dentity was confirmed (mmp, tlc and superimposable ir) by comparison with an authentic 
specimen. 

CH.IR.ICTERIZATION OF PERIFORMYLISE (3) .-Fraction VI was chromatographed over a 
column containing silica gel (100 gm) packed in chloroform. A total of 30 fractions m-ere col- 
lected from the column and combined on the basis of their tlc uatterns. Fractions 8-10. when 
evaporated from acetone afforded a solid (5.6 mg, 0.0056%), mp 208", which exhibited the fol- 
lowing spectral properties, ir, X max (KBr) 3200 (m, NH) ,  2950 (m),  1735 (s, CO), 1660 (6, 
-SCHO), 1610 (s), 1420 (mj,  1410 (s), 1340 (m), 1300 (m), 1210 (s), 1140 (m) ,  940 (m),  and 740 
(m) cm-1; uv max (MeOH) (log e)  242 (4.22) and 318 nm (4.32); pmr, 6 (CDC13) 1.73 (d, J =  
7.3 Hz, 3H, 18-CH3), 2.60 and 2.70 (s, 3H, COZCH,), 5.62 (m, l H ,  19-H), 8.16and 8.30 (s, lH ,  
XCHO), 9.08 (bs, l H ,  XH,  D20 exchange): ms, m/e, M+ 366 (15%), 289(6), 194(9), 180(7), 
173(12), 172(82), 166(9), 151(9), 144(9), 130(45), 129(28), ,128(19), 108(20), 106(19), 102(21), 
85(18) and 83(31). These physical data  are in agreement with those reported for periformyline 
(3) ( 7 ) ,  and the identity was confirmed by comparison with an authentic sample. 

PREPARATIOS OF ALKALOID FRACTIOSS OF C. roseus.-The source, identification, and process- 
ing of the leaves of Cutharunthus Y O S ~ U S  have been discussed previously (8). 

11-12 (F-ocl8).-.AliqUOtS of the fractions F-006 and F-008 (10.0 gm each) were separately dis- 
solved in chloroform and were placed at the top of two glass chromatographic columns con- 
taining chloroform slurries of silica gel PF 251 (100 gm each). Elution was accomplished 
initially with chloroform and then with solvents of increased polarity by the addition of metha- 
nol. Each fraction was reduced to dryness in 'c'acuo, dissolved in 2 ml of eluting solvent, and 
monitored by tlc with ethyl acetate-abs. ethanol (3:l)  and methanol as eluents with ceric 
ammonium sulphate as detecting reagent. Grouping of the fractions was accomplished on the 
basis of similar t lc  patterns as well as chromogenic reactions of resolved alkaloids to  the CAS 
detecting reagent. 

Ajmalicine (O.ooOo2$), vindoline (O.C0002~), akuammicine (0.000006%), vincarodine 
(O.~OGOIXS), and leurosine (O.oooooi$) have been isolated from different fractions and were 
characterized by uv, ir, pmr, ms and, also, comparison with authentic samples. 

CH.IR.ICTERIZ.ITIOS OF PERICTCLIVISE (4) .-Repeated chromatography of the fraction F a 6  
over silica gel afforded a solid, which was crystallized from acetone (25.2 mg, 0.0000025) 
and exhibited the following properties, mp 228", [a]*'D+5" (c 0.5, CHC13); ir,  X max (KBr) 3100 
(m) ,  3020 (m),  2850 (m),  1735 ( s ) ,  1730 (s),  1420 (m),  1275 (m),  1190 (SI, 1030 ( s ) ,  985 (m) ,  815 
(m),  and TOO (s) cm-1; uv, X mas (EtOH) (log e )  225 (4.51), 280 (3.88) and 289 sh nm; pmr, 6 

7.47-7.0 (m, AH, 9,10,11,12-H), 8.0 (bs, l H ,  S H ,  exchanged with D20);  cmr, see table 2: ms, 
m,'e, 11- 322(1OO), 321(90), 307(28), 263(39), 249(26), 235(9), 182(14), 181(13), 170(13), 169(97), 
168(92), 167(12), 156(11), l j i ( l 5 ) ,  and 115(13). These physical data are in accord m-ith those 
published for pericyclivine (4) (9). 

SEP.IRATIOS OF THE CRVDE ALK.ILOID FR.\CTIOSS PRE VLB CCT-2 ( F a )  A K D  POST VLB CCT- 

The fractions were monitored throughout by concomitant bioassy. 

(CDCl3: 1.60 (d, J ~ 6 . 7  Hz, 3H, 18-CH3), 3.06 ( s ,  3H, COzCHs), 5.26 (q ,  J ~ 6 . 9  Hz ,  l H ,  19-H), 

3E. Merck, Darmstadt, 1%'. Germany. 
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DISCUSSION 
The cmr spectral data of two alkaloids, akuammicine (2) and pericyclivine (4), 

have been described in table 2. The assignments are based on the splitting 
pattern in the coupled spectra and also on comparison of the chemical shifts 
with those of model compounds. The aromatic carbon resonances in akuammicine 
(2) were in accord with those reported for the retuline-like substance (5 )  by 
Wenkert et al. (10, 17). The cmr spectrum of pericyclivine (4), however, was 
assigned by the use of off-resonance 'H decoupled spectral information and cor- 
relation of carbon resonance frequencies with those of akuammidine (6) (11). 

TABLE 2. Carbon-13 nuclear magnetic resonance spectra 
of akuammicine (2) and pericyclivine (4). 

Carbon 

2 167.73 ! 3 . . . . . . . .  61.74 
. . . . . . . .  

5 . . . . . . . . .  I 
6 . . . . . . . . .  
7 . . . . . . . . .  
8 . . . . . . . . .  
9 . . . . . . . . .  

1 0 . .  . . . . . .  . I  
11. . . . . . . . .  
12 . . . . . . . . .  
13. . . . . . . . .  
14 
15 I 

56.13 
46.15 
57.42 

136.80 
120.26 
120.26 
127.40 
109.10 
143.20 
29.59 
30.77 

16 loo 95 
17 167 73 
18 ~ 12 65 
19 120 53 
20 
21 
COZCH, 

139.10 
56.77 
50.79 

Pericyclivine (4)" 

139.37 
43.77 
55.91 
26.80b 

105.47 
127.03 
119.17c 
117.4oE 
121.25 
110.86 
137.48 
24.15 
27.21b 
50.26 

172,94 
12.85 

114.36 
136.64 
52.99 
50.78 

*In parts per million from TMS 8(CDCI3)+76.9 ppm. 
b,cAssignments may be reversed. 

The isolation of vincaleukoblastine (VLB) (1) was reported previously from 
C. roseus (5). Akuammicine (2), an alkaloid originally isolated from Picralima 
nitida (6, 12), has also been obtained from Vinca erecta (13), V .  minor (14), C. 
roseus (15), and C. trichophyllus ( 3 ) .  Periformyline (3) was isolated previously 
only from C. lanceus (7), and pericyclivine (4) has been obtained from C. laitceus 
(16) and Gabunia odoratissima (9). 

BIOLOGICAL ACTIVITY O F  THE IsoLATEs.-Tetrahydroalstonine, vincaleu- 
koblastine (VLB), akuammicine, periformyline, ajmalicine, vindoline, vincarodine, 
leurosine and pericyclivine were examined for their activity against Eagle's 9KB 
carcinoma of the nasopharynx in cell culture and P-388 lymphocytic leukemia test 
system in aitro by established protocols (4). Vincaleukoblastine, leurosine and 
akuammicine (KB:ED;o 2.4 and PS:ED,o 1. f  pg,/ml) were found to  be active. 

ACKNOWLEDG3IENTS 
This work was supported in part  through grant number CA-20164 from the Sat ional  Cancer 

Institute. The authors would like to thank Professor N .  11. Farnsworth for his continued 
support and encouragement; Professor J .  P .  Kutney, University of British Columbia, for pro- 



JIAT-JCX 19811 JiUKHOPADHY.4T A S D  CORDELL : CATHAR.4STHUS ALKALOIDS 339 

viding high resolution mass spectra; Professor D .  G. I .  Kingston, Virginia Polytechnic and 
State University, and Dr.  C. R. Hutchinson, State University of Wisconsin, hladison, for 
I3C S h l R  spectra; and l l r .  R. P. Borris and Mr. C. T. Che, University of Illinois a t  the Medical 
Center, for proton S l I R  spectra. 

Received 10 December 1980 

LITERATURE CITED 
1. 
2. 
3. 
4. 

5. 
E. 
I .  

8. 

9. 

10. 

11. 
12. 
13. 

S. llukhopadhvag and G.  A. Cordell, J .  'Yat. Prod., in Press (1981). 
A. B. Segelmai and N .  R .  Farnsworth, J .  Pharm. Sci., 63, 1419 (1974) 
G. .4. Cordell and S .  R .  Farnsworth, J .  Phnrm. Sci., 65, 366 (1976). 
R .  J .  Geran, S.  H.  Greenberg, SI. 31. McDonald, A.  31. Schumacher and €3. J. -4bbc t ,  
Cancer Chemofher. Rep., 3(2),  1 (1972). 
G .  H. Svoboda, I .  S. Johnson, 31. Gorman and X. Seuss, J .  Pharm. Sci., 51, 707 (1962) 
J .  Levy, J .  Le Men and ?*I. 11. Janot, Bull. SOC. Chim. Fr., 979 (1960). 
D .  .J. Abraham, S.  R .  Farnsworth, R. S .  Blomster and A. G. Sharkey, Tetrahedron Letts., 
317 (1965). 
G. H. Aynilian, S. G. Weiss, G .  A. Cordell, D .  J .  Abraham, F. A. Crane and S.  R. Farns- 
worth, J .  Phnrm. Sci., 63, 536 (1971). 
11. P. Cava, S. K .  Talapatra, J .  A .  Weisbach, B. Douglas, R .  F .  Raffauf and J .  L. Beal, 
Tetrahedron Letts., 931 (1965). 
E .  Wenkert, H.  T. A .  Cheung, H. E .  Gottlieb, XI. C. Koch, A. Rabaron and hl. &I. Plat ,  
J .  Org.  Chem., 43, 1099 (1978). 
K .  Jewers, D. F .  G. Pusey, S. R. Sharma and T .  Ahmad, J .  J l e d .  Plant. Res., 38,359 (1980) 
G. F. Smith and J.  T. Wrobel, J .  Chenz. Soc., 793 (1960). 
31. A. Kuchenkova, P. K.  Tuldashev and S. T. Yunusov, Donl. Akdad. Sauk Crek SSR,  
21.12 11964). 

14. 
15. G .  H Svoboda, A. T Oliver and D .  R. Bedwell, Lloydia,  26, 111 (1963). 
16. 

T.'H. \-an der Muelen and G. J. 11. van der Kerk, Rec. Trnr'. Chzm. Pays-Bas, 83, 111 (1964). 

S .  R. Farnsworth. W. D.  Loub. R .  N .  Blomster and 11. Gorman, J .  Pharm. Sci., 53, 1558 
(1964). 
R. Verpoorte, J .  Pharm. Sci., 69, 865 (1980). 17. 


